Twenty-two patients with a history of myocardial infarction and suspected of having a left ventricular aneurysm were evaluated by routine clinical studies, gated cardiac blood pool scanning, and contrast left ventriculography.
Twenty-two patients with a history of myocardial infarction and suspected of having a left ventricular aneurysm were evaluated by routine clinical studies, gated cardiac blood pool scanning, and contrast left ventriculography.
Thirteen patients were found to have a localized left ventricular aneurysm and nine demonstrated diffuse left ventricular hypokinesis on contrast angiography. The patients with localized left ventricular aneurysms could not be separated from those with diffuse left ventricular hypokinesis on the basis of the routine clinical evaluation including the chest roentgenogram or the finding of ST-segment elevation in the electrocardiogram. Scintiphotographic studies identified the nine with diffuse hypokinesis and twelve of the thirteen with a localized left ventricular aneurysm. In one patient with a calcified left ventricular aneurysm filled with clot, the cardiac blood pool scan showed an area of akinesis which corresponded to that seen on contrast angiography, but the aneurysm could not be detected.
In nineteen of the patients in whom adequate measurements were obtained, left ventricular end-diastolic volume and ejection fraction by both contrast angiography and gated cardiac blood pool scintiphotography demonstrated a good correlation, r = 0.92 and 0.87, respectively. There was also a good correlation between the extent of left ventricular akinesis seen on contrast angiography and gated scintiphotography, r = 0.97.
This study demonstrates that biplane gated cardiac blood pool scans are useful in differentiating patients with localized left ventricular aneurysms from those with diffuse left ventricular hypokinesis.
Additional Indexing Words:
Cardiac blood pool scan Contrast angiography LEFT VENTRICULAR FAILURE following myocardial infarction may be the result of a localized left ventricular aneurysm or diffuse left ventricular hypokinesis.' Patients with diffuse left ventricular hypokinesis are rarely aided by bypass graft surgery or aneurysmectomy. The operative mortality is high in these patients and surgery is, therefore, not recommended at this time. Those with localized left ventricular dysfunction, however, often show improvement in left ventricular function and are considered to be operative candidates.2 7 The differentiation of diffuse left ventricular hypokinesis from localized left ventricular dysfunction and aneurysm has been accomplished by contrast ventriculography.8
In the present study, gated cardiac blood pool scanning, a noninvasive technique, has been used to determine left ventricular function in the precatheterization evaluation of patients with suspected left ventricular aneurysms. The sensitivity of this scintiphotographic technique to detect left ventricular aneurysms is compared to other commonly used noninvasive techniques and to contrast left ventricular angiography.
Methods Twenty-two patients with previous myocardial infarction, 18 men and four women, mean age 55 years, range 33 to 74, were studied. Sixteen patients had electrocardiographic signs of one infarct (12 anterior and 4 inferior), while six patients had electrocardiographic signs of both anterior and inferior myocardial infarction. The time from the first infarction to entry into this study ranged from one month to 15 years (mean 36 months). All patients with evidence of left ventricular failure were on digitalis and/or diuretic therapy before the study.
On history and physical examination evidence of angina, peripheral edema, rales, liver size and tenderness, ventricular gallop, presence and characteristics of heart murmurs were sought. The apical impulses were recorded as suggestive of left ventricular aneurysm if the impulse was diffuse and associated with a sustained apical heave.
Laboratory evaluation included complete 12-lead electrocardiogram, and standard six foot inspiratory upright chest radiograph. Gated cardiac blood pool scans were recorded as described previously.9'" Briefly, the patient was positioned in the right anterior oblique position beneath the detector of an Anger scintillation camera equipped with high resolution collimator. Twenty mCi of technetium 99m labeled albumin was administered intravenously, and the first passage of tracer through the heart was recorded on film at 0.7 sec intervals for the first 60 sec. Gated images were then obtained at end systole and end diastole by recording an image on film only during selected portions of each cardiac cycle, and summing a sufficient number of cardiac cycles to obtain 200,000 counts in each gated image. Approximately 200 to 400 cardiac cycles are required to obtain this number of counts. The patient's electrocardiogram is used to trigger the gate; end systole was recorded during the final 40 msec of the T wave, and end diastole during the last 60 msec of the PR interval. Gated images were also recorded in the left anterior oblique position.
The scintiphotographs were projected life-size, and the outline of the left ventricle in each view, at both systole and diastole, was traced from the gated images. The aortic and mitral valve planes were determined from selected frames of the initial passage of the tracer through the heart. From these traced outlines, end diastolic and end systolic volumes diastolic volume (ml), and ESV= left ventricular end systolic volume (ml). Regional wall motion was determined by superimposition of the end diastolic and end systolic outlines. The extent of akinesis was expressed as a percentage of the left ventricular wall motion averaged from both the right anterior oblique and left anterior oblique projections.
The contrast angiocardiography was performed prior to coronary arteriography by injection of 50 to 60 ml of iodinated contrast material into the left ventricle in the right anterior oblique projection. Left ventricular volumes were calculated by the area length method12 at end systole and end diastole. Ejection fraction was calculated from the volume measurements. In three patients with large ventricular aneurysms, the distorted shape of the left ventricle precluded determination of left ventricular volume. The pattern of left ventricular contraction was analyzed according to the method of Hamilton et al. 8 and patients were separated into surgical and nonsurgical candidates. Surgical candidates were patients with extensive regional dysfunction effecting left ventricular function and belonging to group III or IV of Hamilton (localized akinesis or dyskinesis involving less than 75% of the left ventricular wall). In all of these patients the shape of the left ventricle was distorted by the regional dysfunction and a clearcut separation was noted between akinetic and nonakinetic muscle. Nonsurgicai candidates were patients belonging to group V of Hamilton (diffuse akinesis or hypokinesis involving more than 75% of the left ventricular wall). This generally resulted in a The presenting symptoms were congestive heart failure in eight patients, angina pectoris in seven, systemic embolism in one, and a ventricular arrhythmia in one.
Six patients had an abnormal cardiac impulse on palpation. The precordial impulse was normal in the three patients who did not have an anterior myocardial aneurysm. The precordial impulse was also normal in four of the 11 with anterior aneurysms including a patient with a calcified apical aneurysm. Nine of the 13 patients had an S3 gallop on auscultation and six had a systolic murmur at the lower left sternal border or apex.
Eight of the 11 patients with an anterior apical aneurysm and one patient with a postero-lateral aneurysm had ST segment elevation of 1 mm or more in at least one electrocardiographic lead.
The cardiothoracic ratio was increased in six of the 12 patients in whom a posterior anterior chest Circulation, Volume 50, November 1974 roentgenogram could be reviewed. The mean for the entire group was 50.5% (range 41 to 63%). Three of the patients had a definite bulge along the left sternal border suggesting the presence of a left ventricular aneurysm. On one patient's lateral film a posterior inferior aneurysm was suspected. This patient had moderate, and one other patient marked, signs of pulmonary venous congestion.
Scintiphotographic Studies (Figures 1, 2)
Biplane gated blood pool scans in seven patients and right anterior oblique gated blood pool scans in five patients demonstrated the presence of an area of left ventricular dysfunction. In 11 of these patients an aneurysm was clearly demonstrated as a bulge or a discrete but extensive area of akinesis at the periphery of the left ventricular silhouette. In one patient with a small posterior inferior aneurysm associated with a ventricular septal defect, the aneurysm was not recognized prospectively due to distortion of the cardiac blood pool scan caused by the septal defect. In one patient with a calcified aneurysm filled with clots, the aneurysm itself was not delineated on the blood pool scan alone, but recognized as an area of apical akinesis. Comparison with the calcified shadow on the chest X-ray demonstrated a discrepancy between the two borders and suggested the presence of an aneurysm. Mean end diastolic volume as determined by the cardiac blood pool scan was 361 ml and mean ejection fraction was 32%. 987 RIGO, MURRAY, STRAUSS, PITT The location of the left ventricular aneurysm was antero-apical in nine patients, apical in one, posterolateral in one, postero-septal in one, and inferior in another. The apical aneurysm was calcified and almost completely filled with clots. Measurements of ventricular volume were made in ten of the 13 patients using single plane angiography. In the other three patients, marked deviations from the ellipsoid model precluded any calculations using single plane angiography. The mean left ventricular end diastolic volume was 328 ml and ejection fraction was 32% for these ten patients. Significant mitral regurgitation was present in one patient with an inferior aneurysm and trivial mitral regurgitation in one patient with an anterior aneurysm. Seven patients had single, and six had double vessel coronary artery disease. Twelve patients had lesions of the left anterior descending coronary artery, four had lesions in the right coronary artery, and three had lesions in the left circumflex coronary artery.
Surgical resection of the left ventricular aneurysm was considered feasible in all of these patients. Ten underwent left ventricular aneurysmectomy with two postoperative deaths. In three patients surgery was delayed as they were doing well on medical therapy.
Diffuse Left Ventricular Hypokinesis (Table 1, Patients 14-22) Clinical Findings
The presenting symptoms were heart failure in eight patients, angina in five patients, arrhythmias in one patient, and systemic embolus in one patient.
Eight of the nine patients with diffuse left ventricular hypokinesis had an abnormal apical impulse on palpation consistent with a left ventricular aneurysm. Seven of the nine had a prominent S3 gallop and one an intermittent S3. Six figure 1 . Note that the aneurysm is visualized only on the LAO scan. This points to the need for biplane images in patients with ischemic heart disease. apical systolic murmur suggestive of mitral regurgitation.
Five of the nine patients with diffuse left ventricular hypokinesis had electrocardiographic evidence of an antero-lateral myocardial infarction, one infero-lateral, two inferior, and one both inferior and anterior myocardial infarction.
Four patients had ST segment elevations of 1 mm or more in at least one of their electrocardiographic leads. However, in one patient the ST segment elevation was associated with left bundle branch block.
The cardiothoracic ratio on a standard posterior anterior chest film was increased in seven of the eight patients in whom the X-ray was available for review (mean 59%). The ninth patient was noted to have cardiomegaly on a portable anterior posterior film. Two of the patients had a definite bulge along the left sternal border on the posterior anterior X-ray, confirmed by fluoroscopy in one. Six patients had X-ray evidence of pulmonary venous congestion. Scintiphotographic Studies (Figure 3) In all nine patients the biplane gated cardiac blood pool scans demonstrated a diffusely enlarged and hypokinetic left ventricle with a spherical configuration. Less than 25% of the left ventricular wall was felt to display normal motion. Mean end diastolic volume was 413 ml and mean ejection fraction was 19%.
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Contrast Angiography
In most of the patients with diffuse left ventricular hypokinesis on the basis of their contrast left ventricular angiograms, the hypokinesis was most severe in the anterior apical region with some preservation of contractility at the base. However, in contrast to those with localized left ventricular aneurysm, no part of the left ventricle exhibited a compensatory increase in function, and less than 25% of the left ventricular wall, if any, had normal motion. The mean left ventricular end diastolic volume was 385 ml and the mean left ventricular ejection fraction 23%. While the mean left ventricular end diastolic volume was larger and the ejection fraction lower in this group than in those with localized left ventricular aneurysm, statistical separation of the two groups was not attempted as left ventricular end diastolic volume and ejection fraction could not be accurately measured in three of the patients with a localized aneurysm. Mitral regurgitation was demonstrated angiographically in six of the nine patients with diffuse hypokinesis. In seven of the nine patients selective coronary arteriography was performed while in two of the patients the catheterization was terminated prior to coronary angiography after the demonstration of diffuse left ventricular hypokinesis. Six of the seven patients with selective coronary angiograms had triple vessel coronary artery disease. None of the patients were con- sidered for surgery because of their diffuse left ventricular hypokinesis.
In the entire group of 19 patients in whom adequate measurements were obtained, end diastolic volume and ejection fraction by both contrast angiography and gated scintiphotography demonstrated a good correlation, r = .92 and r = .87, respectively. Evaluation of the extent of the left ventricular wall akinesis on the contrast ventriculogram and gated blood pool scan correlated significantly in patients with localized aneurysm, r = + .97 ( fig. 4 ).
Discussion
Dyspnea is the most frequent complaint of patients with left ventricular aneurysm as reported by Gorlin,1'
Graber'4 and found in the present study. The finding Relationship of the percent akinesis on the contrast ventriculogram and gated scintiphotographs. The line of best fit is shown along with the regression equation and the correlation coefficient. of Cheng"5 that angina was the most frequent symptom probably reflects differences in patient selection. Persistent angina pectoris, recurrent dysrhythmias, and systemic embolism also raise the possibility of left ventricular aneurysm. 13-8 These findings are, however, not specific for those with left ventricular aneurysm, but were found to a similar extent in those with left ventricular hypokinesis in the present study. The clinical signs associated with left ventricular aneurysm have also been shown to be variable. A displaced, diffuse or double apical impulse, although often present in patients with left ventricular aneurysm, appears to be as frequent in those with left ventricular hypokinesis. These findings are not specific enough to adequately separate those with left ventricular hypokinesis from those with left ventricular aneurysm as many of these patients have only a diffuse apical impulse rather than a double impulse, which would be more suggestive of left ventricular aneurysm.
Persistent ST segment elevation has been reported in a high percentage of patients with left ventricular aneurysm. It is, however, also found in those with left ventricular hypokinesis. Although ST elevation in the present study was more frequent in those with left ventricular aneurysm than in those with left ventricular hypQkinesis, it did not prove to be of value in differentiating the two groups. '9 The chest roentgenogram is often the first clue to the presence of left ventricular aneurysm. In the prospective study of Gorlin et al., there was, however, only a rough correlation between the size of the cardiac silhouette and the extent of left ventricular aneurysm. The findings of a normal cardiac silhouette and cardiothoracic ratio in patients with left ventricular aneurysm and congestive heart failure have Circulation, Volume 50, November 1974 SCINTIPHOTOGRAFHIC STUDY OF LV ANEURYSM been commented upon by several authors'3 14 and were seen in two patients in the present series. Conversely, diffuse cardiac enlargement without any localized bulges has been shown to occur in patients with proven left ventricular aneurysm. '6 In those with left ventricular hypokinesis in the present study, the cardiothoracic ratio was generally enlarged. In one patient the cardiothoracic ratio appeared to be only borderline, and in two patients a localized bulge, confirmed by fluoroscopy in one, raised the suspicion of a localized left ventricular aneurysm which could not be confirmed at angiography. Cardiac fluoroscopy was not systematically employed in the present study. As with the standard chest X-ray, fluoroscopy has been shown to be normal in patients with proven left ventricular aneurysm and on occasion, as shown in one patient in the present series, can suggest left ventricular aneurysm in the presence of left ventricular hypokinesis.2T he present study suggests that gated cardiac blood pool scans performed in the left anterior and right anterior oblique projections are useful in differentiating patients with left ventricular aneurysm from those with left ventricular hypokinesis. This noninvasive technique allows estimation of left ventricular ejection fraction and volumes as well as detection of localized abnormalities of left ventricular contraction.9' ' There has been a good correlation between left ventricular function and regional wall motion determined with the scintiphotographic technique and contrast angiography both in previously reported studies and in the present report.9 10 The cardiac gated blood pool technique detected all but one of the patients with an angiographically proven left ventricular aneurysm in the present series. In none of the patients with left ventricular aneurysm was the diagnosis of left ventricular hypokinesis made nor were any of the patients with left ventricular hypokinesis diagnosed as having left ventricular aneurysm on the basis of the cardiac blood pool scan.
On the basis of our experience in the present study, we recommend the routine use of the gated blood pool scan in patients with clinical signs and symptoms suggestive of a left ventricular aneurysm. The procedure can be performed on an outpatient basis in less than one hour. In those in whom the scan shows left ventricular hypokinesis, we would continue conservative medical therapy and would not recommend hospitalization for cardiac catheterization or contrast angiography, as these patients are not surgical candidates at this time. In those patients with localized disorders of left ventricular contraction or in equivocal cases, cardiac catheterization including left ventricular angiography and coronary arteriography should be considered if surgery appears indicated.
